Animals have a variety of sensory organs with which they perceive information for their survival. Among these organs, an infrared receptor is endowed only to two kinds of snakes; a facial pit organ for Crotalinae and a labial pit organ for Boidae. With these organs, the snakes sense the direction and distance of their prey. This fact has been elucidated very recently (for reviews, see BARRET, 1970 , HARTLINE, 1974 . A pair of the facial pit organs are present just in front of the eyes and give crotaline snakes a characteristic facial expression.
Morphological details of the facial pit organ were first described by LYNN (1931) : the pits are provided with a thin partition membrane and the innervaton is from the ophthalmic and superior maxillary branches of the trigeminal nerve. At that time, the pit membrane's function was discussed only as to its sensory nature, and sensory cells were described in the membrane.
The pit organ of the snake as thermosensitive was first proposed by NOBLE and SCHMIDT (1937) from its positive response to warm subjects including its prey. Physiological support to this assumption was made by BULLOCK and his colleagues: they found that pit membrane is highly sensitive to infrared radiation (BULLOCK and COWLES, 1952) . Its physiological properties were well described in terms of action potentials by BULLOCK and DIECKE (1956) . Generator potentials to infrared radiation were recorded with electrodes placed on the pit membrane (TERASHIMA et al., 1967 (TERASHIMA et al., , 1968 .
By a thorough morphological investigation of the membrane by BULLOCK and Fox (1957) , sensory nerve fiber were found to form palmate configurations on entering the pit membrane as revealed by silver impregnated specimens. They presumed the palm as the site of the action potential generation.
Parenchymal cells were described but it was not made clear whether they were sensory in nature or not. An electron microscopic investigation was made for the first time by BLEICHMAR and DE ROBERTIS (1962) . The most striking finding then was that the pit membrane was filled with mitochondria-rich nerve terminals and Schwann cells among these terminals. There were no sensory cells in the membrane.
They described vacuolated cells between the epithelium and the nerve terminal layer. Another electron microscopic study made by TERASHIMA et al. (1970) proposed that nerve terminals from each myelinated fiber made a unit mass; but they denied the presence of the palmate structure.
As briefly summarized above, there still remain several unsolved problems on the fine structures of this interesting sensory organ, e.g., presence of the palmate structures, vacuolated cells, the unit area of branches etc. The two electron microscopic studies described above seem not sufficient to give the morphological basis to understand the transducing mechanism of the pit membrane.
This paper aims to report on the fine structure of the palmate structure, the plasma membrane of the naked nerve terminals and associated small vesicles, autonomic nerve fibers around vessels and free nerve endings in the epithelium.
This will serve elucidation of the detailed structure of the facial pit membrane.
MATERIALS AND METHODS
Habu snakes (Trimeresurus flavoviridis) captured at Amami Island, Japan, were beheaded and the pit membranes were dissected immediately at room temperature. They were immersed in a fixative of 1% glutaraldehyde and 1% formaldehyde buffered to pH 7.6 with 0.1M sodium cacodylate for several hours.
The specimens were postfixed with ice cold 1% OsO4 in the same buffer for 2hr and stained en bloc series of ethanol and propylene oxide, they were embedded in Epon-Araldite mixture (HAYAT, 1972) . Other specimens were immersed in 1% OsO4 solution prior to aldehyde fixation to make the exterior surface of the pit membrane hydrophilic. Thin sections were cut with an LKB 8800 Ultratome and then stained with uranyl acetate and lead citrate.
Observations were made with an HU-500 electron microscope. Some pieces of materials were silver impregnated (BODIAN, 1938) and whole mounted were stained with 1% toluidine blue solution.
RESULTS
The pit membrane was situated convexly to the base of the pit cavity. Its shape trigeminal branches entered the pit membrane from the ridge of the membrane as was described by LYNN (see Fig. 9, 1931) and BULLOCK and Fox (see Fig. 3A , 1957). Irregularly shaped oil droplets and a free nerve ending (asterisk) are in the outer epithelial layer.
An inter-tered oval nuclei with distinct nucleoli were recognized among these processes ( Fig. Under the electron microscope, the pit membrane consisted of nerve fibers, their terminals and associated elements sandwiched between the outer and inner cornified epithelia (Fig. 3a, b) . Nerve terminals with mitochondia formed glomerular clusters together with Schwann cells. Interstitial cells and their processes intervened between these nerve masses.
Capillary networks were also present among nerve (Fig. 1) . The cornified layers were divided into two sublayers: the outer sublayer possessed scattered dark spots against homogeneous background, while the inner was denser and homogeneous. The inner sublayers of both cornified layers were invaginated with epithelial cells (Fig. 3a, b) . Epithelial cells were flat and attenuated. They were 2-3 cells thick both in the OEL and IEL. The cytoplasm of the epithelial cells contained bundles of tonofilaments, which converged to well developed desmosomes and to hemidesmosomes as well (Fig. 3b, 4) . Occasional oil droplets of various shapes were observed in the cytoplasm of outer epithelial cells (Fig. 3a) . The basal surface of outer epithelial cells developed many pinocytotic vesicles and had a thick basal lamina (Fig. 4) . Frequently, free nerve endings were found in the diameter and contained microtubules which ran longitudinally, and the terminal particles were found together with microtubules. The terminal expansion had no specialized contact with epithelial cells. Some of the fibers formed varicosities on their courses in the OEL.
The OTL consisted of collagen fibers, amorphous ground substance and interstitial cells which did not form a continuous sheet in the layer (Fig. 4) , while the ITL was thicker than the OTL with connective elements. The former contained blood vessels and myelinated nerve fibers other than connective elements.
Atypical collagen fibers were frequently observed in the ITL (Fig. 5c ). The periodicity of these fibers measured 150nm and 80nm. These fibers were in the NEL along with the nerve fibers as well (Fig. 5b) . The interstitial cells were located between the nerve terminal masses (Fig. 3a) . They had smaller nuclei than Schwann cells and their processes were extended in all directions.
They had a few organelles in the endoplasm. contained microtubules and small mitochondria (Fig. 3a, 7) . They tapered to appanied with Schwann cells (Fig. 5c ). The palmate structure was pale in the axoplasm and contained vesicles and mitochondria of various sizes. The population of mitochondria was lower than that in the nerve terminals. The branches were surrounded by Schwann cell processes. They contained microtubules and filaments until they became naked of Schwann cell processes (Fig. 5a, b, 6a) . Long, slender mitochondria were also found in these branches. Mitochondria became larger toward the terminals.
Occasional labyrinthine foldings of Schwann cell processes (TERAcellular space was filled with layered basal lamina-like materials (Fig. 5a, b, 6a ).
Final branches lost Schwann cell enclosure and exposed their naked surfaces to extracellular space which was filled with amorphous materials (Fig. 4, 5a , 6b). The terminal portions of nerve branches contained many mitochondria and small vesicles were many vesicles of various sizes (30-60nm in diameter) and density in the (Fig. 5a, 6a, b ). Though they were close to the terminal plasma membrane, exact contact or continuity to the membrane was not confirmed. The association of these vesicles with Schwann cell membranes was not found.
Schwann cells were located in the middle of nerve terminal masses (Fig. 6a) , and their processes surrounded nerve terminals and branches. Their cytoplasm contained lysosomes, phagosomes, multivesicular bodies, filaments, small mitochondria, and centrioles (not indicated in Fig. 6a ).
In the myelinated nerve bundles, occasional unmyelinated nerve fibers were found (Fig. 7) . They could be traced to the capillaries in the pit membrane (Fig. 8) , but special contact with pericytes was not found.
It was not confirmed whether these fibers extended into the OEL.
DISCUSSION
The pit membrane has various elements, which have been described electron microscopically by BLEICHMAR and DE ROBERTIS (1962) and TERASHIMA et al. (1970) . However, there still remain some unreported elements and structures to be reconfirmed by electron microscopy. BLEICHMAR and DE ROBERTIS (1962) reported the occurrence of vacuolated cells beneath the OEL, but they seem to have misinterpreted the processes of the interstitial cells (Fig. 3a, 4) , because the processes are frequently vacuolated.
The important structure to be reconfirmed by electron microscopy is (1957) . The palm was not described by BLEICHMAR and DE ROBERTIS (1962) and even denied by TERASHIMA et al. (1970) . The present study confirms that the palm is obviously present under electron microscope and it differs from the nerve branches and the terminals in its width and contents of mitochondria and vesicles. Because of inadequate fixation of materials in this study, it could not be confirmed whether the palmate portion shows a membrane specialization for the initiation of action potentials as the initial segment of nerve cells does (PETERS et al., 1976) . The palm sprouts primary branches, which can be discriminated from the terminals by their mitochondria and full ensheathment with Schwann cell processes. This feature is maintained until its final branches.
They can be indentified with these characteristics, though they are intermingled with the terminals in the same Schwann cell (Fig. 6a) .
The unit structure described by TERASHIMA et al. (1970) was not recognized in this study. Silver impregnated branches, however, show obscure spreading areas overlapped each other (Fig. 2) . The exact demarcation was recognizable until secondary branchings which were isolated from other structures with thick ground substance (Fig. 5b) . But after that, a single Schwann cell contains branches of various degrees (Fig. 6a) . This would suggest that the region reigned by a single palm is fairly restricted, though there are some overlappings with the neighboring palms. A distinct innervation was reported at the level of the light microscope with a denervation experiment (BULLOCK and Fox, 1957) but it was not strictly demarcated by electron microscopy.
This would not mean to deny the occurrence of a unit receptive field which was recorded at the level of the medulla oblongata (TERASHIMA and GORIS, 1977) . Unmyelinated nerve fibers occur in the nerve bundles and enter the pit membrane. Their close apposition with blood vessles indicates that they are autonomic in nature, though some unmyelinated fibers in the OEL would be sensory ( Fig. 3a  and inset) . BULLOCK and COWLES (1952) reported that a soft touch to the pit membrane surface increased the frequency of discharges recorded from the trigeminal nerve branches.
This evidence supports the view that the nerve endings in the OEL are sensory.
These endings were described neither by BLEICEMAR and DE ROBERTIS (1962) nor by TERASHIMA et al. (1970) by electron microscopy.
One of the characteristic features of nerve terminals is the occurrence of many large mitochondria.
They were assumed to be a primary sensory organelle for perception of radiation heat because of their configuration changes according to the intensity of heat (HARTLINE, 1974) . If this is the case, the pit nerve terminal is an exceptional case of sensory transduction.
In general, a sensory transduction mechanism resides in the sensory membranes themselves.
An alternative explanation of the mitochondrial changes after heat exposure is that the changes would be induced by the permeability changes of the terminal membrane to ions. The high sensitivity and adaptation process according to the dose of energy can not be explained by mitochondrial changes only, because the effects of mitochondrial changes would be slower than electrical changes (BULLOCK and DIECKE, 1956) . Sensory cells or fibers which require energy for the transduction contain a large number of mitochondria near the transduction sites; e.g., inner segments of visual cells (YOUNG, 1969) , olfactory vesicles of olfactory cells (MATULIONIS, 1975) and dendritic terminals of Pacinian corpuscle (NISHI et al., 1969) . Many small vesicles outside the terminal plasma membranes should be counted as a characteristic feature of this membrane, because this kind of vesicle has never been described in any kind of sensory terminals.
Even though the exact association between these vesicles and the nerve terminals could not be traced, it is highly probable that they are derived from the plasma membranes as their distribution is restricted to the region of the naked nerve membranes and not to the Schwann cell processes.
One explanation is that these vesicles are pinched off from the nerve membranes when the terminals absorb the radiant heat and the molecular order of the membrane is disturbed.
But this is a mere speculation and has no experimental basis. Generally, the transducing membranes are rich in intramembrane particles when they are freeze-fractured.
Also in the case of the pit membrane terminals, they possess a large number of intramembrane particles (unpublished observations). To pursue the membrane events during heat absorption, freeze-fracture analysis of this membrane is in progress in my laboratory.
